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Abstract
Our objective was to determine the factors that lead users to continue working with 
process modeling grammars after their initial adoption. We examined the explanatory power 
of three theoretical models of IT usage by applying them to two popular process modeling 
grammars. We found that a hybrid model of technology acceptance and expectation-
confirmation best explained user intentions to continue using the grammars. We examined 
differences in the model results, and used them to provide three contributions. First, the study 
confirmed the applicability of IT usage models to the domain of process modeling. Second, 
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we discovered that differences in continued usage intentions depended on the grammar type 
instead of the user characteristics. Third, we suggest implications and practice.
Keywords: Process modeling, Technology Acceptance Model, Expectation 
Confirmation Theory; Continuance, Perception Measurement
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Explaining Usage of Process Modeling Grammars:
Comparing Three Theoretical Models in the Study 
of Two Grammars
1 Introduction
A major task undertaken by information IS analysts and designers is to document the 
common understanding that system users, analysts, and designers have about the domain and 
the functions imposed on the system, in the form of conceptual models [17].
Over recent years, the documentation of business processes and the analysis and design of 
process-aware IS has gained attention as a primary focus of conceptual modeling [3]. The 
corresponding exercise is called process modeling, and is a key instrument for the analysis 
and design of process-aware IS, service-oriented architectures, and web services.
Process models are specified by using process modeling grammars (e.g., sets of graphical 
constructs and rules for specifying these constructs). A wide selection of process modeling 
grammars is available in organizations, ranging from simple flowcharts and business 
modeling grammars to forma grammars that allow process simulation and/or execution.
Experience reports indicate that only a few grammars have been accepted and continuously 
used by the IS community. Researchers have only recently attempted to uncover the factors 
leading to successful adoption of process modeling grammars at an organizational level, and 
to determine factors that lead to continued acceptance and use of them on an individual level 
[8]. The adoption of a particular process modeling grammar is associated with substantial 
investment in tool purchase, training, and the adoption of conventions and methodologies. 
For instance, a large Australian bank estimated that its decision to introduce and use the EPC 
approach [11] for its process modeling initiatives resulted in costs of about AUS$3.5 million. 
Among others, they trained 650 employees in the use of the EPC grammar. Similarly, Wolf 
and Harmon [18] reported that more than 50 per cent of the organizations they surveyed had 
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spend from $500,000 to over $10 million on investment in process modeling training and 
methods and similar amounts for related software acquisitions.
We decided to develop an understanding of the factors that influence the continued usage of 
process modeling grammars, focusing on the reasons why individual process modelers are 
willing to continue to use a grammar after its initial adoption, which, often, is an 
organizational decision [14]. A better understanding of the process can allow organizations to 
increase long-term success of their use of the methods. Indeed, infrequent, inappropriate, and 
ineffective long-term use of a grammar after its initial adoption may incur undesirable costs. 
Also, any benefits that may be obtained from grammar use can obviously only accrue in 
usage stages after its initial adoption.
Usage has traditionally been of much interest. Two streams of research have emerged ; one 
focuses on initial IT usage or acceptance, (TAM and the other  that focuses on long-term IT 
usage or continuance, primarily using Expectation-Confirmation Theory (ECT, [1]). These 
two models denote the dominant theoretical frameworks used in explaining user acceptance 
and continuance of IT [7].
Although these studies have shed light on the differences between adoption (acceptance) and 
post-adoption (i.e., continued usage) in IS research, only limited empirical work [e.g., 7, ; 12]
has been carried out to compare their differences in understanding continued usage behavior. 
Thus, we comparatively examined TAM and ECT in the context of the use of process 
modeling grammar, using data collected about two of them – Event-driven Process Chains 
[EPCs, 11] and the Business Process Modeling Notation [BPMN, 2]. We selected EPCs 
because they are the grammar of choice in the Architecture of Integrated Information 
Systems (ARIS) tool suite. We selected BPMN because it is the currently emerging new 
industry standard in process modeling with significant uptake by systems designers and 
business analysts [9].
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2 Background and Research Models
2.1 Process  Mode l ing  
Process modeling is widely used within organizations as a way of increasing awareness and 
knowledge of business processes, and to reduce organizational complexity. The models 
capture the tasks, events and control flow logic of the business process and may also contain 
information about the data required in the execution of the process, the organizational and IT 
resources involved, and other information such as, that of external stakeholders or 
performance metrics [10].
The grammars fall intone of two categories: 
 intuitive graphical modeling grammars, such as EPCs, which are generally used to 
capture the processes for scoping required tasks, and for showing the business needs and 
process improvement initiatives. 
 more formal grammars with advanced semantics , such as BPMN, which can be used for 
process analysis or workflow design, and facilitate simulation or experimentation with the 
process scenarios.
One important aspect in the consideration of selecting a particular grammar is that each 
grammar has different set of capabilities for articulating real world process domains. In our 
earlier work, we have examined twelve process modeling grammars. Among these, EPC and 
BPMN differ considerably in their ability to define real world domains in a complete and 
clear manner: specifically, we found BPMN to be more ontologically complete than EPC, but 
also be ontologically unclear, indicating the complexity of the grammar. 
On basis of these findings, our intent was to examine empirically whether differences in the 
type of process modeling grammars affected the behavioral of the analysts working with 
them. 
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2.2 Technology Accep tance  Mode l
TAM as proposed by Davis was intended to explain why users accepted and used an IS 
artifact on a prolonged basis. Perceived usefulness (PU) and perceived ease of use (PEOU) 
were taken from the psychological and earlier IS literature to demonstrate that PEOU would 
have a positive association with PU. Figure 1 shows the basic relationships of TAM.
Numerous studies have found empirical support for these relationships [5]. Some studies 
found the effect of PEOU on Intention to Use (ItU) decreased in later stages of usage.
**********************************
Figure 1  approximately here
**********************************
TAM has been identified as a very commonly employed theoretical framework for studying 
IS acceptance [6] and continuance. King and He  found that, despite recent extensions [e.g., 
15], and revisions [e.g., 16], the classical model is reliable and its explanatory power is 
robust. Recent longitudinal studies [e.g., 7] have shown that TAM is adequate in its 
explanatory power for examining post-adoption usage and continuance behavior.
2.3 Expec ta t ion -Conf i rmat ion  Mode l
Bhattacherjee’s expectation-confirmation model posits that initial pre-usage expectations, 
coupled with perceived performance, lead to post-adoption satisfaction with an artifact,, 
which in turn determines the formation of an intent to continue using the artifact. This effect 
is mediated through feedback between the expectations and the perceived performance. If an 
artifact outperforms expectations) post-adoption satisfaction will result. If an artifact falls 
short of expectations, the user will be dissatisfied.
Perceived performance is normally measured as individual beliefs about the use of the 
artifact. Expectation has been defined as the individual beliefs or sum of beliefs about the 
levels of attributes possessed by a product or service. PU is a consistent antecedent to user 
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ItU. In fact, meta analyses showed that PU was the only belief that has consistently been 
shown to influence user intentions across several temporal stages of IS use. Accordingly, 
perceived performance has been repeatedly conceptualized as PU. We followed this concept 
in our study.
In a post-adoption setting, it has also been important to examine to what extent pre-usage 
expectation based on others’ opinions or mass media statements, depend on continued 
exploitation of the artifact. Figure 2 displays the main premise of the expectation-
confirmation model.
**********************************
Figure 2 approximately here
*********************************
ECT thus focuses more on external factors such as pre-usage expectation. As organizations 
traditionally exhibit a great deal of control over pre-usage conditions in process modeling 
(e.g., the initial selection of the grammar, communication through social channels, facilitating 
tool support and training), it would seem plausible that it is necessary to develop an 
understanding of how the confirmation of expectations towards a process modeling grammar 
lead to its satisfactory use and how this, in turn, affects usage intentions. For instance, the 
repeated media announcem nts, the standardization processes, and good vendor support have 
motivated a significant number of organizations to adopt BPMN.
2.4 A  Hybr id  Mode l  
ECM and TAM deal with two different aspects of usage. The question that emerges is 
therefore: would a combined model of TAM have a greater explanatory power? We believed 
that it would. Accordingly, we developed the integrated model shown in Figure 3; it posits 
that the formation of the intent to continue using a process modeling grammar is primarily 
dependent on two factors:
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(a) whether users have a positive belief about the actual use of the technique, and
(b) whether users are satisfied with the use of the grammar, with this stemming from 
usefulness and ease of use of the grammar and the positive confirmation of initial 
expectations about the grammar.
**********************************
Figure 3 approximately here
*********************************
Satisfaction with a process modeling grammar can stem from positive results (the grammar’s 
PU and PEOU) and the belief that pre-usage expectations have been confirmed through 
actual use. 
3 Research Method
We decided to test the three introduced models empirically, using data collected through two 
field surveys, one of users of the EPC grammar, and one of users of the BPMN grammar.
Survey participants in were business and process analysts engaged in process modeling 
initiatives; they had knowledge of, and usage experience with, the particular grammar. Data 
collection occurred as part of a larger field study on the use of process modeling grammars. 
Data was collected globally via two web-based instruments during the years 2007 and 2008; 
web-based surveys have several advantages (lower costs, no geographical restrictions, faster 
responses, etc.) with some disadvantages (difficulty in assessing some demographics, non-
response bias, etc.) [e.g., 1]. Users were invited to participate through advertisements made in 
online forums and blogs (e.g., WordPress, BPM-research.com, Column2), through modeling 
tool vendor announcements (e.g., itp-Commerce, IDS Scheer, Casewise, Tibco, Intalio) and 
through practitioner magazines and communities (e.g., BPTrends.com, Association of BPM 
Professionals, BPM-Netzwerk). Participants were informed about the type and nature of the 
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study and were offered incentives for participations, including a summary of the results and 
the chance to win a free textbook.
In total, 590 usable responses were obtained from BPMN grammar users, and 223 usable 
responses from EPC grammar users. Both respondent group demographics are given in Table 
1.
**********************************
Table 1 approximately here
*********************************
The reported average experience in modeling was 6.2 years (EPC) and 6.4 years (BPMN). 
Experience in EPC ranged from one month to 7 years (with an average of 24.9 months and a 
median of 4 months), while experience in BPMN ranged from 15 days to 5 years (with an 
average of 8.9 months and a median of 4 months). Interestingly, in the BPMN case roughly 
half of the responses were obtained from modelers with less than six months experience in 
the grammar. This limited amount of experience was probably due to its (then) recent release 
as an OMG standard: while BPMN has been available in version 0.9 since 2002, ratification 
as an standard was started in 2006 and only finalized in 2007. Hence, it was expected that the 
distribution of respondents in BPMN experience would somewhat deviate from their 
distribution of overall experience.
4 Operationalization and Validation
4.1 Cons t ruc t  Measurem ent
Each of the five constructs was measured using three-item Likert-type scales, drawn from 
pre-validated measures from the literature. All scale items were phrased to relate specifically 
to the case of (EPC/BPMN) process modeling grammar use. The appendix lists all scale 
items used – using the case of the BPMN grammar for illustration purposes.
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PU was measured using three items adopted from Recker’s [8] adaptation of Davis’ original 
scale. One item (PU1) deals with overall judgment of usefulness while the other two assess 
usefulness (in a sense of effectiveness) with respect to the process modeling purpose (PU2) 
and objective (PU3).
PEOU was measured using three items adopted from Davis’ original scale. It embraces two 
domain substrata ‘effort of use’ and ‘effort of learning’. The first relates to the physical and 
mental efforts required to build process models by means of the grammar whilst ease of 
learning deals with the effort required to remember how to perform tasks, how to use an 
artifact, and how to use a manual (if available). Ease of learning and ease of use were 
assumed to be strongly related and congruent instead of being disjoint, separate constructs. 
Accordingly, the three selected items included one item to measure the effort of applying a 
process modeling grammar with respect to its intended use (PEOU1), one item to measure the 
effort of learning how to apply the grammar (PEOU2), and one to measure the effort of 
performing process modeling tasks with the grammar, i.e., the effort of building process 
models (PEOU3).
Confirmation (the extent to which respondents’ pre-usage expectations agreed with actual 
usage) was measured using three items adopted from Premkumar and Bhattacherjee’s scale. 
Expected benefits from process modeling grammar use were captured in the three items of 
the PU scale (usefulness overall, in relation to purpose, and to objectives), and confirmation 
was assessed using three perceptual items that compared respondents’ realized level of each 
usefulness item (as a surrogate for expected benefits) against their pre-usage expected levels.
Satisfaction was measured using three items adopted from the overall satisfaction scale 
suggested by Spreng et al. [13]. Their scale was originally designed to assess users’
satisfaction with a camcorder use but has since been adapted to the IS context [1]. The 
adopted scale captured respondents’ satisfaction levels (both in intensity and direction) along 
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three dimensions of satisfaction: contention (Sat1), satisfaction (Sat2) and delightedness 
(Sat3). We chose not to adapt other satisfaction instruments from the IS literature [e.g., 4], 
because, these scales conceptualize satisfaction as a collection of beliefs about the 
information provided by a system rather than as affect toward the system itself, they also 
were too long to incorporate in a study where multiple constructs were being measured, and 
the satisfaction scale of Bhattacherjee was similar to attitude scales used in IS acceptance. 
The scale we used captured post-usage affect in contrast to pre-usage affect.
Intention to continue to use was measured using three items adopted from Bhattacherjee’s 
scale. Three domain substrata were included in the scale: ItU1 captured respondents’ 
intention to continue process modeling grammar because of perceived control over the 
adoption decision, ItU2 measured expected future usage intention, and ItU3 measured 
continuance intention because of alternatives provided to the grammar user.
4.2 Sca le  Va l i da t i on  
Scale reliability and validity of the five constructs was assessed by using CFA implemented 
in LISREL Version 8.80. All constructs were allowed to co-vary in the CFA model. Table 2
gives the results, 
Grammar Construct Cronbach’s α ρc AVE
PU 0.93 0.87 0.94
SAT 0.91 0.86 0.93
CON 0.96 0.92 0.96
PEOU 0.91 0.86 0.93
EPC
ItU 0.89 0.88 0.94
PU 0.87 0.82 0.91
SAT 0.93 0.87 0.94
CON 0.96 0.91 0.96
PEOU 0.91 0.85 0.92
BPMN
ItU 0.89 0.84 0.92
Table 3 displays scale properties, and Table 4 gives the corresponding factor correlation 
matrices.
**********************************
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Table 2, 
Grammar Construct Cronbach’s α ρc AVE
PU 0.93 0.87 0.94
SAT 0.91 0.86 0.93
CON 0.96 0.92 0.96
PEOU 0.91 0.86 0.93
EPC
ItU 0.89 0.88 0.94
PU 0.87 0.82 0.91
SAT 0.93 0.87 0.94
CON 0.96 0.91 0.96
PEOU 0.91 0.85 0.92
BPMN
ItU 0.89 0.84 0.92
Table 3 and Table 4 approximately here
*********************************
All the Cronbach α were greater than 0.8, thereby meeting the test for uni-dimensionality. 
The composite reliability measure ρc, were at least 0.8, which exceeded the cut-off value of 
0.5. These results suggest adequate reliability.
Convergent validity was tested checking also that:
(1) all indicator factor loadings (λ) should were significant and exceeded 0.6,
(2) average variance extracted (AVE) by each construct exceeded the variance due to 
measurement error for that construct (i.e., was greater than 0.5).
All factor loadings λ were significant at p = 0.00 and exceeded the recommended threshold of 
.6. In terms of composite reliabilities the AVE for each construct was higher than 0.9. 
Overall, it was concluded that the conditions for convergent validity were met.
Discriminant validity testing showed that the AVE for each construct exceeded the squared 
correlation between it and any other construct considered in the factor correlation matrix. The 
factor correlation matrix showed that the largest squared correlations between any pair of 
constructs within the measurement model was 0.28 (between PEOU and ItU) in the EPC 
case, and 0.41 (between SAT and ItU) in the BPMN case. The smallest obtained AVE value 
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was 0.93 (PEOU, EPC) and 0.91 (PU, BPMN). These results showed that the test of 
discriminant validity was met.
5 Data Analysis and Results
5.1 Mode l  Es t im at ion  and  Com par i son
Our data analysis compared the three models across the two sets of respondents of EPC and 
BPMN users for the significance and effect sizes (β) of each hypothesized path and SEM 
implemented in LISREL Version 8.80. Each indicator was modeled in a reflective manner (as 
in the measurement model), and the theoretical constructs for each model was linked as 
hypothesized  Results of our examination of the three models are presented in Figure 4, 
Figure 5 and Figure 6. Italic figures show values obtained in the EPC case and bold figures 
show them for the BPMN case.
**********************************
Figure 4, Figure 5 and Figure 6 approximately here
*********************************
TAM explained 31% (EPC) and 32% (BPMN) of the variance in intention to continue using 
the process modeling grammar, and 28% (EPC) and 25% (BPMN) of the variance in 
perceived usefulness of the process modeling grammar. PU had the largest effect on the 
continuance intention (β = 0.57 and 0.56), with PEOU having an effect size of β = 0.25 (EPC) 
and 0.28 (BPMN). All effect sizes were statistically significant at p < 0.001. Overall, it 
appeared that TAM explained EPC grammar usage intentions as well as did BPMN grammar 
usage intentions.
ECT explained 15% (EPC) and 27% (BPMN) of the variance in intention to continue using 
the process modeling grammar, 31% (EPC) and 37% (BPMN) of the variance in PU of the 
process modeling grammar, and 13% (EPC) and 50% (BPMN) of the variance in satisfaction 
with the process modeling grammar. Again, PU was the strongest predictor with effect sizes 
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of β = 0.51 (EPC) and 0.53 (BPMN). Satisfaction was also a significant predictor of the 
intention to continue to use, with effect sizes of β = 0.29 (EPC) and 0.28 (BPMN). 
Interestingly, when contrasting the cases of the two grammars, we found that only in the 
BPMN case was the (dis-) confirmation of initial expectations a significant predictor of 
satisfaction (β = 0.42, p < 0.001) whereas this association was insignificant in the EPC case. 
Except for this particular association, all other hypothesized paths were significant at p < 
0.001. These findings suggested that pre-usage expectations, and their confirmations through 
actual usage, were more important to satisfaction for the more recent BPMN grammar than 
the more established EPC grammar. 
The hybrid model explained 35% (EPC) and 40% (BPMN) of the variance in intention to 
continue using grammar, 44% (EPC) and 41% (BPMN) of the variance in PU of the process 
modeling grammar, and 43% (EPC) and 57% (BPMN) of the variance in satisfaction with the 
process modeling grammar. Again PU was the strongest predictor of usage intentions, with 
effect sizes of β = 0.46 (EPC) and 0.49 (BPMN). PEOU (β = 0.17, p < 0.05, and 0.21, p < 
0.001, respectively) and satisfaction (β = 0.23, p < 0.01, and 0.18, p < 0.001, respectively) 
were significant predictors. Overall i  would appear that the hybrid model applies well to both 
grammar user groups, with a difference in the role that the confirmation of expectation plays 
in forming usage satisfaction.
To examine the differences in explanatory power between the hybrid model and the more 
parsimonious TAM and ECT, we first considered the various goodness-of-fit statistics shown 
in Table 5.
**********************************
Table 5 approximately here
*********************************
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For all models, all the indices suggested adequate fit, except for the RMSEA, where the 
recommended value of 0.08 was exceeded by TAM in the BPMN case. This suggested that 
TAM contained at least some systematic error that cannot be explained by the proposed latent 
constructs and relationships.
The hybrid model apparently outperformed TAM and ECT. To examine whether this increase 
was statistically significant, we conducted pair wise nested F-tests comparing the R2 values 
of the hybrid model with those of TAM and ECT individually. The F-test was computed as F
(R2outer − R2inner) / [(1 − R2inner) / dfdifference].
For both EPC and BPMN use, we found that the R2 improvement of the hybrid model was 
statistically significant at p < 0.001 from both models. These findings attested to an improved 
explanatory ability of the hybrid model. These results confirmed earlier findings that 
suggested a hybrid model was best in explaining and predicting post-adoptive usage 
intention. The results indicated that there a strong link between the theoretical premises of 
TAM and ECT, and that a hybrid model provided a more detailed understanding of the post-
adoptive behavior that resulted from process modeling grammar use.
5.2 Pos t -hoc  Examina t ion  o f  Resu l t s
Our findings indicate some interesting patterns regarding the strengths of the predictors of 
usage intentions: PU emerg d as the strongest predictor for the hybrid model. It would appear 
then, that it is not so much attitude and satisfaction based on pre-usage affects towards the 
grammar but the first-hand utility that the grammar provides for the task of process modeling, 
resulting in intentions to continue to use the grammar.
Further, we found a strong effect of PEOU in determining post-adoptive usage intentions. 
Our findings implied that aspects such as self-efficacy, learning and grammar complexity are 
key to forming usage satisfaction, and ultimately continuance intentions, with a process 
modeling grammar. 
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We also found some interesting differences in the results of the structural model estimation 
efforts for the two grammars. For BPMN, (dis-) confirmation of pre-usage expectations had 
strong positive association with satisfaction, while this link was weak and insignificant for 
EPC.
To study the differences in model results, we examined differences between the two samples 
of our study. The demographic statistics showed that across the BPMN users, a significant 
proportion underwent no formal training in grammar usage. In total, 418 participants learnt 
BPMN by learning on the job, self-education, specification-reading or other means, while 
109 attended formal training (a university-level course, a certification course or formal in-
house training). In contrast, 153 EPC users underwent formal training, while 62 EPC users 
underwent no formal training. A Mann–Whitney U test using SPSS Version 16.0 found these 
differences between the two samples to be significant (Z = 12.9, p = 0.00).
EPC users, on average, had prior working experience of 25 months (with a median of four 
months), while BPMN users, on average, had a working experience of nine months with the 
grammar (with a similar median). Thus the differences in experience with the grammar 
between the two user groups was significant (t = 5.6, p = 0.00).
Independent sample t-tests showed that the total factors score for the five usage beliefs were 
generally significantly different in the two user groups (see Table 6), except for differences in 
the total factor scores for confirmation of expectations.
**********************************
Table 6 approximately here
*********************************
We note that total factor scores for PU, PEOU, SAT and CON were higher for the EPC 
group, while the total factor scores for ItU were higher for the BPMN group. These results 
can be interpreted as suggesting higher beliefs in usefulness, satisfaction, and ease of use of 
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the EPC grammar, while intentions to continue working the grammar were higher for the 
BPMN group. However, the usage belief scores were obtained independently for the two user 
groups. Any comparative examination must therefore be interpreted before the background of 
the independence of the two samples.
These findings raise a question: Can the differences in the five usage beliefs considered (PU, 
PEOU, SAT, CON, and ItU) can be attributed to the type of grammar in use or characteristics 
of the user group samples? To that end, we used a MANOVA test, in which we used the 
average total factor scores for the five variables as dependent measures, and the three 
variables grammar type (BPMN or EPC), level of training (formal or informal), and level of 
grammar experience (coded as a high or low by separating respondents based on their 
experience with the grammar in months) as independent factors. Table 7 shows the main 
effects of grammar type, level of training and level of grammar experience on the five 
behavioral beliefs considered.
**********************************
Table 7 approximately here
*********************************
We see that only the grammar type has a significant impact on most of the usage beliefs 
(except for CON). The level of training and level of experience with a grammar did not 
display a significant impact on the usage beliefs that we considered. We note, however, that 
some interaction effects were present (usefulness and intention to continue to use were 
determined jointly by grammar type, experience and training). 
Overall, these results indicated that the type of grammar in use for process modeling directly 
affects continued usage intentions over and above experience or training of the users working 
with the grammar. 
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6 Conclusions
6.1 L im i ta t i ons
There were a number of limitations in our study. Aside from those pertaining to online 
survey-based research (e.g., potential response bias and problems in establishing 
representativeness of the sample), we realized that common method variance was a potential 
limitation in our data collection: we used the same approach (perceptual survey multi-item 
scales) to measure our constructs. A second possible limitation was that our study considered 
intentions rather than actual usage. This was done because objective and credible process 
modeling grammar usage data was difficult to collect and because prior research has shown 
that usage intentions are good predictors of actual usage. Another limitation stems from the 
differences in the sample size (223 EPC users and 590 BPMN users); however, we did not 
find any indication of a potential bias in the results. Specifically, we found that differences in 
training received and working experiences with the grammar did not significantly affect 
continued usage intentions. Another limitation may stem from the selection of TAM and ECT 
as models for our study. We selected them due to their standings as the currently dominant 
referent theoretical frameworks explaining user continuance of IT. However, we note that the 
obtained R2 values for continuance intentions (of the hybrid model suggested that it had a 
reasonably good explanatory ability. Last, we noted that the timing of your survey (in the 
early days of the BPMN grammar) may have limited the generalizability of the BPMN results 
to users with greater experience with the grammar.
6.2 Imp l ica t i ons
Our study uncovered some differences in the continued usage behavior of two styles of 
grammars. Some of these we ascribed to pre-usage expectations about the grammars. We 
further examined some differences in user characteristics (level of training and grammar 
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experience) but found that only differences in the grammar type were significant predictors of 
continued usage intentions
Differences in task settings (e.g., for organizational re-design versus workflow 
implementation) have also been found to lead to differences in grammar use. Accordingly, 
some of the noted differences in continuance beliefs may also be partly attributed to different 
task settings. Similarly, user characteristics influence post-adoptive usage and can be 
expected to affect process modeling practice also.
There are also some implications for the process modeling community. Our findings suggest 
that organizations should be aware that positive confirmation of pre-usage expectations can 
significantly impact satisfaction with the grammar. One implication of this finding for 
managers in charge of modeling projects could be a highlighted role of appropriate 
expectations management about modeling with a grammar, and the benefits that can be 
obtained through such work.
The strong and significant impact of ease of use perceptions on user satisfaction and 
willingness to continue to use a process modeling grammar suggest that organizations should 
make sure their employees receive appropriate training. This and appropriate management 
could increase user benefits of using a grammar, which positively contributes to their 
willingness to continue modeling with the grammar.
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8 Appendix: Measurement items for constructs (BPMN case 
displayed)
Theory 
Construct
No Item Definition
PU1 Overall, I find BPMN useful for modeling processes. 
PU2 I find BPMN useful for achieving the purpose of my process 
modeling.
Perceived 
usefulness
PU3 I find BPMN helps me in meeting my process modeling 
objectives.
SAT1 I feel extremely contented about my overall experience of 
using BPMN for process modeling.
SAT2 I feel extremely satisfied about my overall experience of using 
BPMN for process modeling.
Perceived 
Satisfaction
SAT3 I feel extremely delighted about my overall experience of 
using BPMN for process modeling.
CON1 Compared to my initial expectations, the ability of BPMN to 
help me model processes was much better than expected.
CON2 Compared to my initial expectations, the ability of BPMN to 
help me achieve the purpose of my process modeling was 
much better than expected.
Confirmation 
of 
expectations
CON3 Compared to my initial expectations, the ability of BPMN to 
help me meet my process modeling objectives was much 
better than expected.
PEOU1 I find it easy to model processes in the way I intended using 
BPMN.
PEOU2 I find learning BPMN for process modeling is easy.
Perceived 
ease of use
PEOU3 I find creating process models using BPMN is easy.
ItU1 If I retain access to BPMN, my intention would be to continue 
to use it for process modeling.
ItU2 In the future, I expect I will continue to use BPMN for process 
modeling.
Intention to 
continue to 
use
ItU3 I prefer to continue to use BPMN for process modeling over 
other process modeling grammars.
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9 Figures
Perceived 
Usefulness
Perceived Ease of 
Use
Intention to 
Continue to Use
Figure 1. Technology Acceptance Model 
Perceived 
Usefulness
Confirmation
Intention to 
Continue to Use
Satisfaction
Figure 2. Expectation-Confirmation Model
Perceived 
Usefulness
Intention to 
Continue to Use
Satisfaction
Perceived Ease of 
Use
Confirmation
Figure 3. Hybrid Model
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Perceived 
Usefulness
R2 = 0.28 / 0.25
Perceived Ease of 
Use
Intention to 
Continue to Use
R2 = 0.31 / 0.32
0.53***
0.25***
0.57***
*** p < 0.001
0.28***
0.50***
0.56***
Figure 4. Summary of TAM model results
***
ns
p < 0.001
non significant
0.51***
0.29***
-0.02ns
0.56***
0.66***
Perceived 
Usefulness
R2 = 0.31 / 0.37
Confirmation
Intention to 
Continue to Use
R2 = 0.15 / 0.27
Satisfaction
R2 = 0.13 / 0.50
0.61***
0.51***
0.34***
0.53***
0.28***
Figure 5. Summary of ECT model results
***
**
*
ns
p < 0.01
p < 0.001
p < 0.05
non significant
0.46***
0.23**
-0.05ns
0.42***
0.48***
0.17*
0.38***
0.41***
Perceived 
Usefulness
R2 = 0.44 / 0.42
Intention to 
Continue to Use
R2 = 0.36 / 0.40
Satisfaction
R2 = 0.43 / 0.58
Perceived Ease of 
Use
Confirmation
0.47***
0.26***
0.42***
0.18***
0.49***
0.25***
0.26***
0.21***
Figure 6. Summary of hybrid model results
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10Tables
Aspect Values # of 
responses
EPC
# of 
responses 
BPMN
Organizational demographics
Public sector 86 186
Private sector 106 344
Type
Unspecified 31 60
Less than 100 48 158
Between 100 and 1000 48 134
More than 1000 96 238
Size
Unspecified 31 60
Less than 10 116 380
Between 10 and 50 52 128
More than 50 24 22
Size of modeling team
Unspecified 31 60
Personal demographics
Africa 5 14
Asia 18 36
Europe 116 175
North America 12 133
Oceania 44 132
South America 9 40
Continent of origin
Unspecified 31 60
Formal/certified course 49 55
Internal/in-house course 24 30
University course 80 24
On the job training 38 78
Learnt by myself 24 212
Read the specification 0 116
Other 0 12
Type of training
Unspecified 8 63
Table 1: Participant demographic data
Grammar Scale item Item mean Item S.D. Item loading Sig.
PU1 6.28 0.69 0.81 0.000
PU2 6.04 0.85 0.73 0.000
PU3 6.02 0.93 0.76 0.000
SAT1 5.52 1.11 0.81 0.000
SAT2 5.35 1.10 0.83 0.000
SAT3 4.96 1.41 0.77 0.000
CON1 5.00 1.18 0.94 0.000
CON2 4.98 1.31 0.89 0.000
CON3 5.01 1.20 0.94 0.000
PEOU1 6.03 0.86 0.73 0.000
PEOU2 6.03 1.02 0.89 0.000
EPC
PEOU3 5.95 0.90 0.87 0.000
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ItU1 5.96 1.05 0.78 0.000
ItU2 5.97 1.10 0.85 0.000
ItU3 5.22 1.51 0.84 0.000
PU1 6.01 1.06 0.80 0.000
PU2 5.90 1.06 0.80 0.000
PU3 5.48 1.60 0.77 0.000
SAT1 5.19 1.27 0.80 0.000
SAT2 5.09 1.30 0.81 0.000
SAT3 4.78 1.46 0.78 0.000
CON1 4.94 1.23 0.84 0.000
CON2 4.95 1.30 0.86 0.000
CON3 4.90 1.29 0.85 0.000
PEOU1 5.14 1.32 0.78 0.000
PEOU2 5.05 1.35 0.88 0.000
PEOU3 5.05 1.34 0.88 0.000
ItU1 6.00 0.98 0.82 0.000
ItU2 6.03 0.93 0.84 0.000
BPMN
ItU3 5.60 1.33 0.71 0.000
Table 2: Confirmatory factor analysis results
Grammar Construct Cronbach’s α ρc AVE
PU 0.93 0.87 0.94
SAT 0.91 0.86 0.93
CON 0.96 0.92 0.96
PEOU 0.91 0.86 0.93
EPC
ItU 0.89 0.88 0.94
PU 0.87 0.82 0.91
SAT 0.93 0.87 0.94
CON 0.96 0.91 0.96
PEOU 0.91 0.85 0.92
BPMN
ItU 0.89 0.84 0.92
Table 3: Scale properties
Grammar PU SAT CON PEOU ItU
PU 1.00
SAT -0.12 1.00
CON -0.17 -0.00 1.00
PEOU 0.29 -0.34 0.09 1.00
EPC
ItU 0.34 -0.20 -0.03 0.53 1.00
PU 1.00
SAT 0.62 1.00
CON 0.54 0.61 1.00
BPMN
PEOU 0.46 0.47 0.60 1.00
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ItU 0.58 0.64 0.65 0.59 1.00
Table 4: Inter-construct correlations
Fit index Suggested 
value
TAM
(EPC)
ECT
(EPC)
Hybrid
(EPC)
TAM
(BPMN)
ECT
(BPMN)
Hybrid
(BPMN)
χ2/d.f. -3.00 119/24 
= 4.96
293/49 
= 5.98
538/81 = 
6.64
120/24 = 
5
190/49 = 
3.88
307/81 = 
3.79
GFI -0.90 0.94 0.93 0.93 0.96 0.95 0.93
AGFI -0.90 0.93 0.91 0.90 0.92 0.92 0.90
NFI -0.90 0.96 0.93 0.92 0.98 0.99 0.98
CFI -0.90 0.96 0.94 0.93 0.99 0.99 0.99
SRMR -0.05 0.04 0.05 0.05 0.05 0.04 0.05
RMSEA -0.08 0.07 0.07 0.08 0.08 0.07 0.07
Table 5: Goodness of fit statistics
Test variable Group N Mean total factor score Std. Dev. T (Sig.)
EPC
BPMN 590 5.80 1.12
PU
EPC 223 6.11 0.77
-3.88
(0.00)
BPMN 590 4.93 1.22
CON
EPC 223 5.00 1.18
-0.73
(0.47)
BPMN 590 5.02 1.26
SAT
EPC 223 5.28 1.12
-2.65
(0.01)
BPMN 590 5.08 1.23
PEOU
EPC 223 6.01 0.85
-10.33
(0.00)
BPMN 590 5.88 0.99
ITU
EPC 223 5.72 1.12
2.00
(0.05)
Table 6: Main differences in behavioral beliefs between grammar user groups
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Independent Factors
Dependent 
Variable
Type III 
Sum of 
Squares d.f. F Sig.
PU 5.38 1 5.37 0.02
CON 0.09 1 0.06 0.81
SAT 5.82 1 4.02 0.05
PEOU 93.53 1 75.34 0.00
Grammar type
ItU 4.68 1 4.83 0.03
PU 1.22 1 1.22 0.27
CON 0.07 1 0.05 0.82
SAT 0.15 1 0.10 0.75
PEOU 0.28 1 0.22 0.64
Level of training
ItU 0.08 1 0.08 0.78
PU 3.54 1 3.53 0.06
CON 5.00 1 3.54 0.06
SAT 0.57 1 0.39 0.53
PEOU 0.06 1 0.05 0.83
Level of grammar experience
ItU 3.22 1 3.32 0.07
PU 0.57 1 0.57 0.45
CON 0.00 1 0.00 0.98
SAT 0.90 1 0.62 0.43
PEOU 0.36 1 0.29 0.59
Grammar type × level of training
ItU 0.92 1 0.95 0.33
PU 0.45 1 0.45 0.51
CON 2.43 1 1.73 0.19
SAT 3.20 1 2.21 0.14
PEOU 2.59 1 2.09 0.15
Grammar type × Level of grammar 
experience
ItU 0.26 1 0.27 0.61
PU 2.06 1 2.05 0.15
CON 3.65 1 2.58 0.11
SAT 1.03 1 0.71 0.40
PEOU 0.21 1 0.17 0.68
Level of training × Level of grammar 
experience
ItU 3.00 1 3.10 0.08
PU 4.29 1 4.28 0.04
CON 3.43 1 2.43 0.12
Grammar type × Level of training × 
Level of grammar experience
SAT 4.25 1 2.93 0.09
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PEOU 0.03 1 0.02 0.89
ItU 6.91 1 7.14 0.01
Table 7: Main effects of grammar type, training and experience on behavioral beliefs
